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A B S T R A C T
The purpose of t h i s experiment was t o s t u d y t h e k f F e c t s of changes i n
speaking r a t e on b o t h t h e a t t a i n m e n t of a c o u s t i c vowel t a r g e t s and t h e r e l a t i v e time and speed of movements toward t h e s e presumed t a r g e t s . Four s p e a k e r s produced a number of d i f f e r e n t CVC and CVCVC u t t e r a n c e s a t slow and f a s t speaking r a t e s . S p e c t r o g r a p h i c measurements showed t h a t t h e midp o i n t formant f r e q u e n c i e s of t h e d i f f e r e n t vowels d i d n o t v a r y a s a f u n c t i o n of r a t e . However, f o r f a s t speech t h e o n s e t f r e q u e n c i e s of second formant t r a n s i t i o n s were c l o s e r t o t h e i r t a r g e t f r e q u e n c i e s w h i l e CV t r a n s i t i o n r a t e s remained e s s e n t i a l l y unchanged, i n d i c a t i n g t h a t movement toward t h e vowel simply began e a r l i e r f o r f a s t speech. Changes i n b o t h speaking r a t e and lexi c a l stress had d i f f e r e n t e f f e c t s . For s t r e s s e d vowels, an i n c r e a s e i n speaking r a t e was accompanied p r i m a r i l y by a d e c r e a s e i n d u r a t i o n . However, d e s t r e s s e d vowels, even i f t h e y were of t h e same d u r a t i o n a s q u i c k l y produced s t r e s s e d vowels, were reduced i n o v e r a l l a m p l i t u d e , f undarnental f re--quency, and t o some e x t e n t , vowel c o l o r . These r e s u l t s s u g g e s t t h a t speaking r a t e and l e x i c a l stress are c o n t r o l l e d by two d i f f e r e n t mechanisms.
I N T R O D U C T I O N
Within c e r t a i n l i m i t s , speech perce,ption does n o t a p p e a r t o be cons t r a i n e d by r a t e of speech production; t h e information-bearing elements of segmental u n i t s a r e preserved a c r o s s a wide range oP speaking r a t e s . Does t h e p e r c e p t u a l mechanism adapt t o a d i f f e r e n t a c o u s t i c r e p r e s e n t a t i o n of t h e s e elements d u r i n g f a s t speech, o r a r e t h e a r t i c u l a t o r y g e s t u r e s reo r g a n i z e
d t o produce a c o n s t ant a c o u s t i c o u t p u t ? Some p h y s i o l o g i c a l evidence e x i s t s t o suggest t h e l a t t e r . I n a s e r i e s of experiments 1-3
i t was shown t h a t t h e motor p a t t e r n s u n d e r l y i n g a r t i c u l a t o r y movements f o r fast speech were n o t o n l y d i f f e r e n t t h a n t h o s e d u r i n g slow speech, but were
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STL -QPSR 2-3/1977 reorganized i n complex ways. I n g e n e r a l , e l e c t r o m y o g r a p h i c a c t i v i t y a s s o c i a t e d w i t h tongue body movements d u r i n g vowel production d e c r e a s e d d u r i n g f a s t speech, while a c t i v i t y a s s o c i a t e d w i t h b o t h l a b i a l and alveol a r s t o p consonant production i n c r e a s e d w i t h an i n c r e a s e i n speaking r a t e .
A t t h e movement l e v e l , w h i l e i t would appear t h a t vowel t a r g e t s a r e n o t always peached d u r i n g f a s t s p e e c h , t h e t r a d e o f f s between a r t i c u l story 4 displacement and v e l o c i t y seem t o v a r y f o r i n d i v i d u a l s p e a k e r s .
While i t i s apparent t h a t changes i n b o t h motor programming and art i c u l a t o r y movements occur . f o r changes i n speaking r a t e , i t i s n o t known how t h e s e changes a r e r e f l e c t e d i n t h e a c o u s t i c signal. Are a c o u s t i c t a r g e t s t h e same f o r speech produced a t slow and f a s t r a t e s , o r a r e t h e s e presumed t a r g e t s s y s t e m a t i c a l l y c e n t r a l i z e d , o r o t h e r w i s e s h i f t e d i n f r e q u e n c y , a s a f u n c t i o n of r a t e ? What 'are t h e temporal p r o p e r t i e s of CV t r a n s i t i o n movements f o r d i f f e r e n t speaking r a t e s ; do o n s e t f r e q u e n c i e s and r a t e s of t r a n s i t i o n movements change f o r f a s t speech? The experiment r e p o r t e d i n t h i s paper was designed t o s t u d y t h e s e q u e s t i o n s by mapping t h e a c o u s t i c vowel space of s e v e r a l s p e a k e r s a c r o s s changes i n s p e a k i n g r a t e . A second ' purpose of the experiment was t g s t u d y t h e a c o u s t i c e f f e c t s of changes i n , s p e a k i n g r a t e i n r e l a t i o n t o t h o s e f o r l e x i c a l stress t o determine whether t h e two f e a t u r e s can be accounted f o r by t h e same d u r a t i o n c o n t r o l mechanism.
M E T H O D
S u b j e c t s an6 Speech M a t e r i a l Speakers were f o u r a d u l t s , t h r e e males (WE, TG, LR) and one female STL-QPSR 2-3/1977 ' over all r e p e t i t i o n s and speakers. For each vowel, v a l u e s f o r t h e slow r a t e appear on t h e f i r s t row, t h o s e f o r t h e f a s t r a t e on t h e second row.
12.
Consonant C l o s u r e (1 ) began, and had ample p r a c t i c e time w i t h t h e u t t e r a n c e s . A l l recording<.;
were made i n a sound-treated room.
Data A n a l y s i s A t o t a l of 640 u t t e r a n c e s were analyzed (16 samples x fi repet.itio3 .; x 2 rates x '4 s p e a k e r s ) . Spectrograms were made for each u t t e r a n c e on a Voicep r i n t L a b o r a t o r i e s Sound Spectrograph, using t h e extended frequency scale, w i d e band . f i l t e r (300 HZ), and highshaping s e t t i n g . I n a d d i t i o n , fundamental freqrrency and o v e r a l l amplitude measurements were made f o r t h e stress c o n t r a s t s u s i n g a special'ly modified pen w r i t i n g o s c i . l l o g r a p h (~i n~o g r a f ,
4~) .
Duration and formant f r e q u e n c y measurements w e r e made From t h e s p e c t r ograms a t p o i n t s i n d i c a t e d i n .' Fig. 11 -A-T. Duration measurements were made f o r t h e s t o p gap c l o s u r e of t h e i n i t i a l consonant, CV t r a n s i t i o n , a corntined measurement of t h e vowel n u c l e u s and, i f p r e s e n t , the f i n a l VC t r a n s i t i o n , and c l o s u r e f o r t h e f i n a l consonant. The VC t r a n s i . t i o n component w a s included i n t h e vowel nucleus measurement because i t was d i f f i c u l t t o segment . . o u t . Formant frequency m e a m a e n t s ('1 , F2, F3 ) were made a t t h e time of r e l e a s e of t h e i n i t i a l consonant, the vowcl m i d p o i n t , and a t t h e t i m e of c l o s u r e f o r t h e f i n a l consonant. If t h e CV t r a n s i t i o n w a s n o t v i s i b l e a t t h e time of consonant r e l e a s e , i t s p o s i t i o n was s t r a i g h t l i n e e x t r a p o l a t e d ,
The vowel midpoint was d e f i n e d i n one of' t h r e e ways: 1 ) t h e point where the F2 t r a n s i t i o n reached a s t e a d y s t a t e , 2 ) i P a s t e a d y s t a t e was n o t r e a c h e d , t h e p o i n t where t h e F2 t r a n s i t i o n reached m.aximun displacement b e f o r e changing d i r e c t i o n , o r 3 ) i f t h e t r a n s i t i o n w a s u n i d i r e c t i o n a l , a t a p o i n t midway between t h e o n s e t of v o i c i n g and closure f o r t h e f i n a l were c h a r a c t e r i , z e d b y u n i d i r e c t i o n a l y l . j d e s from i n i t i a l consonant t o f i n a l consonant. The method of t r a c k i n g and l o c a t i n g t h e measuring p o i n t s was t h e u s u a l one: a p e n c i l l i n e was drawn through t h e c e n t e r of both t h e t r a n s i t i o n and s t e a d y s t a t e (where p r e s e n t ) p o r t i o n s oE t h e formant; measurements were made where t h e l i n e i n t e r s e c t e d t h e p o i n t of consonant r e -
. l e a s e ( f o r t h e t r a n s i t i o n o n s e t ) and a t e i t h e r t h e c e n t e r oP t h e s t e a d y s t a t e o r where t h e l i n e i n t e r s e c t e d t h a t of t h e CV t r a n s i t i o n . -
The l a t t e r range i s c o n s i s t e n t w i t h t h a t of o t h e r r e p o r t s . 5 * 6 For t h e most p a r t , t h e token-to-token. v a r i a b i l i t y f o r each s u b j e c t was small. D u r a t i o n s
( a s measured from czijiure of t h e i n i t i a l consonant t o release of t h e f i n a l c o n s o n a n t ) u s u a l l y v a r i e d by n o more t h a n 25 msec w i t h i n each r a t e ccmpared t o an average :of 45 msec f o r . a c r o s s -r a t e d i f f e r e n c e s . S i m i l a r l y , tokento-token formant f r e q u e n c y v a r i a t i o n s u s u a l l y f e l l w i t h i n t h e range o£ e r r o r measurement (+ 25 HZ). There were, of c o u r s e , some e x c e p t i o n s t o t h e s e g e n e r a l r u l e s ; t h e s e e x c e p t i o n s w i l l be d i s c u s s e d i n t h e f o l l o w i n g s e c t i o n .
R E S U L T S
The e f f e c t s of d i f f e r e n c e s i n speaking r a t e on t h e d u r a t i o n s of each of t h e segments of t h e main s e t of CSrC s y l l a b l e s a r e summarized i n Table 11 -A-11. Closure T r a n s i . t i o n V o w e l X. S i g n i f i c a n t at . I 0 . . . 3iX. SigniPicant at .05 W S i g n i f i c a n t at .01 FREQUENCY F2 onset F2 midpoint F2 rate vowcl n u c l e u s , and f i n a l /p/ c l o s u r e , pooled over both u t t e r a n c e r c p e t it i o n s and s p e a k e r s . Each v a l u e r e p r e s e n t s t h e rnc2an o l twenty ( 5 r e p e t i t i o n s x 4 s p e a k e r s ) tokens. While t h e a c t u a l d u r a t i o n s of t h e d i f f e r e n t syllables v a r i e d f o r t h e f o u r s p e a k e r s , r e l a t i v e d i f f e r e n c e s , b o t h arnong vowels a n d between r a t e s , a r e r e p r e s e n t e d i n t h e means.
The purpose of t h i s t a b l e i s t o show how t h e
S T L -Q P S R '~-~/~V~
The t a b l e shows, not unexyectedpy, t h a t the redu-cti on i n d u r a t i o n during f a s t speech i s r e f l e c t e d p r i m a r i l y i n t h e dm'ation of t h e vowcl, a l t h o u g h perhaps n o t t o a s g r e a t a degree as n i g h t be i n t u i t i v e l y expected. 
D i f f e r e n c e s i n t h e d u r a t i o n s of t h e vowel
A / at t h e slow r a t e , t h e percentage change d i d n o t v a r y a s a f u n c t i o n of d u r a t i o n .
For example, t h e p h o n e t i c a l l y l o n g vowels /*/ and h / were n o t reduced t o any g r e a t e r o r l e s s e r per c e n t d u r i 3 g f a s t speech t h a n t h e p h o n e t i c a l l y s h o r t vowels, /I/ o r /v/. The r e l a t i v e l y s h o r t o v e r a l l , d u r a t i o n , of t h e n i n e vowels i s probably due t o t h e c a r r i e r phrase c o n t e x t i n which t h e y appeared.
Although t h e vowel n u c l e u s absorbed most OF t h e d e c r e a s e i n d u r a t i o n d u r i n g f a s t speech, t h e consonant segments were also c o n s i s t e n t l y s h o r t e r ' as w e l l . However, d i f f e r e n c e s i n d u r a t i o n f o r i n i t i a l and f i n a l consonant c l o s u r e were c o n s i d e r a b l y l e s s between t h e two r a t e s ; a l s o , g r e a t e r v a r i a b i l i t y and even some o v e r l a p occurred i n c e r t a i n i n s t a n c e s a t t h e i n d i v i d u a l token l e v e l . P r e s t r e s s e d i n i t i a l /p/ i s c o n s i s t e n t l y , and u s u a l l y s u b s t a n t i a l l y , l o n g e r t h a n p o s t s t r e s s e d P i n a l /p/, f o r both r a t e s , a s expected. I n t e r e s t i n g l y , a l t h o u g h t h e vowel p o r t ion i s most aPf e c t e d d u r i n g f a s t speech, t h e c o n t r i b u t i o n s of t h e i n i t i a l and P i n a l consonants account f o r a t l e a s t one-third of t h e t o t a l r e d u c t i o n i n syll.ablc d u r a t i o n .
I t was a l s o found t h a t t h e t r a n s i t i o n durations w i t h i n e a c h r a t e were
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STL-QPSR 2 -3 / 1 9 7 7 f o r t h i s s p e a k e r t h a n f o r any OF t h e o t h e r s . The wider range of v a r i a b i l . i t y f o r t h i s s p e a k e r might be a simple consequcncs of t h e i n c r e a s e d p r o b~b i l i t y of e r r o r encountercd when measuring female formant f r e q u e n c i e s , a s p e c u l a t i o n t h a t i s supported by t h e Pact t h a t o n l y t h e means of F1 f o r /*/ were s i g n i -
. f i c a n t l y d i f f e r e n t (.05) a s a f u n c t i o n of r a t e .
While
One such i n s t a n c e was f o r t h e vowel /i/. Fig. 
4 -3
shows t h e f i r s t , second, and t h i r d formant f r e q u e n c i e s (measured a t t h e m i d p o i n t ) f o r /i/: p l o t t e d a s a f u n c t i o n of d u r a t i o n ( t r a n s i t i o n + n u c l e u s ) . The twenty t o k e n s r e p r e s e n t a l l of t h o s e produced a t both r a t e s f o r
b o t h t h e /p/ and /b/ s y l l a b l e s f o r t h i s speaker. I t i s apparent from t h i s f i g u r e , t h a t t h e e f f e c t of s p e a k i n g r a t e on t h e a t t a i n m e n t of a c o u s t i c vowel t a r g e t s i s n e g l i g i b l e , . . e v e n o v e r a wide ( 5 5 msec) range o r d u r a t i o n s .
The r a n g e s of formant f r e q u e n c y v a r i a t i o n s a r e 50 Hz £ o r F1, 75 Hz f o r F2, and 75 Hz f o r F3. It should be noted t h a t t h e s e mj.dpoint f r e q u e n c i e s a r e a t t a i n e d through CV t r a n s i t i o n s t h a t o r i g i n a t e , a t consonant r e l e a s e , some 300-400 Hz lower i n frequency. 
I t i s a l s o a p p a r e n t t h a t t h e observed v a r i a b i l i t y i s n o t c o r r e l a t e d w i t h d u r a t i o n a l o n g any p a r t of t h e cont inuum .
Assuming t h a t t h e same a c o u s t i c tar.get i s reached f o r a vowel spoken a t b o t h slow and f a s t r a t e s , t h e q u e s t i o n becomes how t h e u n d z r l y i n g a rt i c u l a t o r y g e s t u r e i s modified t o a c h i e v e t h a t constant end. E i t h e r oE two t y p e s of a d j u s t m e n t s seem l i k e l y : f i r s t , a r t i c u l a t o r movement toward t h e vowel t a r g e t can begirl e a r l i e r i n t i m e , t h a t i s , c l o s e r .to t h e t i m e of i n i t i a l consonant closure, o r second, the movement can be produced a t a f a s t e r r a t e oE speed, Evidence .For t h e f i r s t can be seen s p e c t r o g r a p h i c a l l y by a change i n t h e p o s i t i o n of t h e o n s e t . f r e q u e n c y of t h e CV t r a n s i t i o n
STL-QPSR 2 -3 / 1 9 7 7 a f u n c t i o n of r a t e ; s p e c i f i c a l l y , t h e o n s e t frequency O F t h e formant t r a ns i t i o n would be c l o s e r t o t h a t of t h e t a r g e t f r e q u e n c y For f a s t e r ' s p e e c h .
An e s t i m a t i o n O F t h e second could b e made by simply c a l c u l a t i n g t h c o v e r a l l v e l o c i t y O F
t h e formant t r a n s i t i o n , i t s e l f . These measurements appear f o r t h e vowel /i/ f o r a l l s p e a k e r s i n Tabl'e 11-A-11. This. t a b l e shows t h e r e a n d u r a t i o n s f o r /p/ c l o s u r e , t h e CV t r a n s i t i o n and t h e vowel n u c l e u s , and t h e F 2 o n s e t and midpoint f r e q u e n c i e s and F 2 r a t e o r change, L'or both s p e a k i n g r a t e s . The measures a r e pooled o v e r u t t e r a n c e r e p e t i t i o n s . The P2 r a t e was c a l c u l a t e d by t h e f o l l o w i n g formula:
D u r a t i o n t r a n s i t i o n For a l l s u b j e c t s , t h e o n s e t f r e q u e n c y of t h e second formant t r a n s i t i o n i s h i g h e r f o r t h e f a s t rate c o n d i t i o n , while t h e F2 midpoint f r e q u e n c i e s and F2 r a t e s of change remain e s s e n t i a l l y u n a f f e c t e d a c r o s s t h e two rates.
The d i f f e r e n c e s i n mean o n s e t f r e q u e n c i e s a r e s t a . 
I t should a l s o be noted t h a t t h e s e s h i f t s o c c u r i n s y l l a b l e s whose c l o s u r e d u r a t i o n s a r e s h o r t e r , a c o n d i t i o n which, t h e o r e t i c a l l y a t l e a s t , would t e n d t o minimize t h e obs e r v e d e f f e c t s .
A d i f f e r e n c e i n second formant t r a n s i t i o n o n s e t E r e q u e n c i e s between slow and P a s t speech i s a l s o e v i d e n t where /b/ i s t h e i n i t i a l consonant.
Measurements f o r /b/ appear i n Table 11 -A-111, which conta-ins e s s e n t i a l l y t h e same d a t a as i n Table 11 -8-11 but f o r t h e /pip-bip/, /pap-bap/, and /pup-bup/ c o n t r a s t s , pooled o v e r t h e t h r e e male s p e a k e r s . A s can be seen from t h e t a b l e , t h e r a t e e f f e c t s t h a t e x i s t f o r /?/, e x i s t f o r /h/ a s w e l l , e x c e p t perhaps t o a s l i g h t l y 1.esser e x t e n t . Aga.in, f o r a l l three vowels preceded
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TABLE 11-A-I11
D u r a t i on and formant f r e q u e n c y measurcmen t 5 For voicedv o i c e 1 . e~~ cont-asts. Values are pooled o v e r a l l repetitions for the t h r e e male s p c a l e r .~. U t t e r a n c e (S/F ) C l o s u r e T r a n s i t i o n D u r a t i o n D u r a t i o n PUP F2 o n s e t F2 midpoint F 2 r a t e
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by /b/, t h e o n s e t Frequency of t h e second formant t r a n s i t i o n i s c l o s e r t o t h e midpoint f r e q u c n c y , w h i l e t h e n.i.rlpoint f r e q u e c c i e s , t h e m s e l v e s , and t h e r a t b s remain l a r g e l y u n a f f e c t e d , The d i f f e r e n c e s i n o n s e t f r eq u e n c i e s i s s l i g h t l y l e s s f o r /b/ t h a n /p/.
F o r /hip/, t h e s h i f t a c r o s s r a t e s i s 25 Hz, w h i l e f o r /pip/, t h e s h i f t a v e r a g e s 60 Hz. ? o r /a/ and /u/, howe v e r , t h e s h i f t s a r e . m o r e comparzble.
More o b v i o u s t h a n t h e r a t e d i ff e r e n c e s a r e t h e d i f f e r e n c e s i n second f o r m a n t t r a n s i t i o n o n s e t f r e q u e n c i e s and r a t e s oP change between /p/ and /b/, w i t h i n e a c h s p e a k i n g r a t e c o n d i t i o n . F o r a l l t h r e e vowels, i t i s appar e n t t h a t t h e o n s e t f r e q u e n c i e s a r e c o n s i d e r a b l y c l o s e r t o t h e midpoint f r e q u e n c i e s , and t h e F2 r a t e i s correspo-ndingly s l o w e r , f o r /b/ a s opposed
All f r e q u e n c y d i f Ferences between /p/ and /b/ were s t a t i s t i c a l l y s i g n i f i c a n t f o r a l l f o u r s p e a k e r s a t e i t h e r t h e .05 and .O1 l e v e l o f conf i d e n c e . The absence o f a CV t r a n s i t i o n f o r /hap/ i n d i c a t e s t h a t t h e movement towards /a/ from /b/. was p r o b a b l y completed b e f o r e r e l e a s e or? t h e ' c o n s o n a n t ' o c c u r r e d , much e a r l i e r t h a n t h e c o r r e s p o n d i n g t r a n s i t i o n from /p/.
The g r e a t e r r a n g e of F: ! o n s e t s £ o r /b/ as opposed t o /p/ i s c o n s i s t e n t w i t h F a n t ' s c a l c u l a t i o n s f o r s i m i l a r CV s y l l a b l e s ; e v e n t h e e x t e n t of t h e d i f f e l e n c e s i s similar. Two e x p l a n a t i o n s f o r t h i s f r e q u e n c y s h i f t are p o s s i b l e . One i s t h a t perhaps b e c a u s e o-C the g r e a t e r t e n s e n e s s a s s o c i a t e d w i t h /p/, t h e tongue i s n o t a s f r e e t o r.ove toward the vowel a s i t i s f o r t h e more lax /b/; i n o t h e r words, t h e tongue i s more f l * o e t o c o a r t i c u l a t e w i t h t h e f o l l o w i n g vowel d u r i n g /b/ t h a n i t i s d u r i n g /p/. A second i s t h a t t h e v o i c e l e s s consonant /p/ o c c u r s e a r l i e r i n t i m e d u r i n g t h e vowel-tovowel movement than /b/, p r o d u c i n g t r a n s i t i o n s t h a t a r e t e m p o r a l l y OF£ set and speaking rate.
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and vowel c o l o r w i t h r e s p e c t t o t h e i r " f a s t -s t r e s s c d " c o u n t e r p a r t s . Thesct d a t a seem t o i n d i c a t e t h a t while speaking r a t e and l e x i c a l s t r e s s both a f f e c t ' t h e d u r a t i o n of vowel segments, t h e y have d i f f e r e n t e f f e c t s on sever a l a c o u s t i c parameters, and a r e probably independent1 y c o n t r o l l e d by d i f f er e n t p h y s i o l o g i c a l mechanisms .
D I S C U S S I O N
The r e s u l t s of t h i s experiment show t h a t d i f f e r e n c e s i n vowel durat i o n due t o changes i n speaking r a t e do n o t have a s u b s t a n t i a l e f f e c t on t h e a t t a i n m e n t of a c o u s t i c vowel t a r g e t s . The formant f r e q u e n c i e s of t h e s e presumed t a r g e t s remain e s s e n t i a l l y unchanged a c r o s s changes i n s p e a k i n g r a t e . It was a l s o shown t h a t t h e probable mechanism by which t h e s e t a r g e t s
a r e achieved i s an e a r l i e r o n s e t of t h e t r a n s i t i o n movement from consonant t o vowel. The speed of movement from t h e consonant t o t h e vowel, however,
does n o t seem t o change. These r e s u l t s a r e n o t i n uniform agreement w i t h t h e a r t i c u l a t o r y d a t a of Kuehn and ~0 1 1 , which showed t h a t d i f f e r e n t '
s p e a k e r s can u s e d i f f e r e n t s t r a t e g i e s t o c o n t r o l s p e a k i n g r a t e . One such observed s t r a t e g y was an adjustment of a r t i c u l a t o r y .velocity. T h i s obvious i n c o n s i s t e n c y between t h e two s e t s of d a t a might, however, be r e l a t e d t o d i f f e r e n c e s i n c o r r e s p o n d i n g a c r o s s -r a t e a u r a t i o n s . I n t h e present experiment, t r a n s i t i o n d u r a t i o n s f o r P a s t speech were approximately 90 per c e n t of t h o s e f o r slow speech, while t h e corresponding f a s t speech d u r a t i o n s measured by Kuehn and Moll were on t h e o r d e r of 50 p e r c e n t of t h o s e f o r slow speech.
Thus, it might be suggested t h a t i f changes i n a r t i c u l a t o r y v e l o c i t y (and c o r r e s p o n d i n g t r a n s i t i o n r a t e of change) a p p e a r , t h e y might do s o o n l y a t v e r y f a s t r a t e s of speech.
The p r e s e n t a c o u s t i c d a t a a r e a l s o i n c o n s i s t e n t w i t h e a r l i e r EMG d a t a 2,3 t h a t showed a change i n t h e l e v e l of muscle a c t i v i t y f o r vowels i n rcsponse t o a change i n speaking r a t e . The EMG d a t a showed t h a t t h e a c t i v i t y l e v e l s of t h e g e n i o g l o s s u s muscle f o r t h e vowel /i/ d e c r e a s e d w i t h an i n c r e a s e i n speaking r a t e . The genioglossus i s a prime mover of the tongue and i s a c t i v e d u r i n g , and probably r e s p o n s i b l e f o r , t h e bunching an? p r o t r u d i n g movement of t h e tongue f o r /i/.
The d e c r e a s e i n a c t i v i t y i m p l i e s e i t h e r , o r a cornb i n a t i o n of b o t h , a d e c r e a s e i n a r t i c u l a t o r y displacement o r a' d e c r e a s e i n . t h e speed o f . a r t i c u l a t o r y novement . However, t h e p r e s e n t a c o u s t i c d a t a sfiow t h a t n e i t h e r of t h c s e parameters (as r e f l e c t e d i n t h e a c o u s t i c s i g n a l ) a r e s u b s t a n t i a l l y a f f e c t e d . The d i f f e r e n t i n t e r p r e t a t i o n s t h a t a r i s e Prom t h e p h y s i o l o g i c a l and a c o u s t i c d a t a might be e x p l a i n e d i n a number of ways, none of which seem e n t i r e l y s a t i s f a c t o r y . F i r s t , t h e r e d u c t i o n i n EPlG a c t i v i t y might n o t r e f l e c t a corresponding d i f f e r e n c e i n a r t i c u l a t o r y displacement, t h a t i s , undershoot a t t h e muscle c o n t r a c t i o n l e v e l might n o t produce undershoot a t t h e a r t i c u l a t o r movement o r a c o u s t i c l e v e l . Second, a t o t a l l y d i f f e r e n t motor s t r a t e g y u s i n g d i f f e r e n t muscles i n d i f f e r e n t .
ways might come i n t o p l a y d u r i n g f a s t speech. T h i r d , t h e peak of t h e i n t eg r a t e d EMG envelope might n o t provide an a c c u r a t e i n d i c a t i o n of t h e maximum s t r e n g t h of c o n t r a c t i o n of an a c t i v e ,muscle when t h e d u r a t i o n of t h e muscle c o n t r a c t i o n i s changed. Changes i n t h e peak of t h e EMG envelope a r e u s u a l l y i n t e r p r e t e d as r e f l e c t i n g ( w i t h o u t ' b e i n g a b l e t o s e p a r a t e ) changes i n e i t h e r t h e displacement of t h e a r t i c u l a t o r t h a t t h e muscle i s a c t i n g d i r e c t l y upon, o r changes i n t h e speed of movement of t h a t a r t i c u l a t o r . However, i t i s a l s o p o s s i b l e t h a t t h e swnmated p o t e n t i a l s of t h e i n t e g r a t e d s i g n a l might peak d i f f e r e n t l y if t h e d u r a t i o n of t h e c o n t r a c t i o n changes. Thus, w i t h all o t h e r parameters h e l d c o n s t a n t , a r e d u c t i o n i n t h e peak of t h e i n t e g r a t e d EMG envelope might a l s o r e f l e c t simply a r e d u c t i o n i n t h e c o n t r a c t i o n t i m e of t h a t muscle.
The i n c o n s i s t e n c i e s between t h e p h y s i o l o g i c a l and a c o u s t i c d a t a a s i d e , i t would appear from t h e d a t a of t h i s experiment t h a t . t h e c o o r d i n a t i o n of
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$ of s t r e s s and r a t e , p:.:r sc-t. IIowcvi I n t h i s experiment, i t was a l s o shown t h a t d e s t r e s s i n g a f f e c t e d t h e fundamental frequency and o v e r a l l amplitude of t h e vowel, indeed, even more s o t h a n t h e formant s t r u c t u r e . These e f f e c t s , which a r e c o n s i s t e n t w i t h t h o s e d e s c r i b e d by ~r~' ' and lieberman" among o t h e r s , a r e compatible w i t h
an " e x t r a e f f o r t " model of s t r e s s , such a s the one proposed by ohmax.
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A r e d u c t i o n of o v e r a l l a r t i c u l a t o r y e f f o r t can r e s v -l t i n corresponding r e d u c t i o n s i n t h e f o u r parameters measured i n t h i s experiment: fundamental f r e q u e n c y , o v e r a l l a m p l i t u d e , d u r a t i o n , and vowel c o l o r . Thus, t h e f indjngs of t h i s experiment s u g g e s t t h a t two s e p a r a t e and independent p h y s i o l o g i c a l mechanisms c o n t r o l c h a n g e s ' i n speaking r a t e and l e x i c a l s t r e s s , one t h a t h o r i z o n t a l l y compresses t h e s t r i n g . a n d t h e o t h e r t h a t modulates overalk a r t i c u l a t o r y e f f o r t . A change i n d u r a t i o n i s a d e l i b e r a t e s t r a t e g y of t h e f i r s t , w h i l e only a consequence of t h e second.
30.
